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THE 1998 MARS SURVEYOR LANDER AND ORBITER
PROJECT
Dr. John B. McNamee
1998 Mars Surveyor Project Manager
Jet Propulsion Laboratory
California Institute of Technology

Abstract
The Mars Surveyor Program has been developed as an aggressive, but tightly cost-constrained, program to explore Mars over the decade from 1997 through 2006. Small orbiters and
landers built by industry will be launched at 26 months intervals dictated by the relative motion of
Earth and Mars in their orbits around the sun. These multiple launches of small spacecraft will
provide significant science return in a program that is not reliant on the success of any single
component or mission.
The Mars Surveyor Program for the 1998 Earth-Mars transfer opportunity consists of a
lander and an orbiter mission both managed by the Jet Propulsion Laboratory for NASA within the
1998 Mars Surveyor Lander and Orbiter Project organization. The general science theme for the
1998 Surveyor missions is “Volatiles and Climate History.” The orbiter and lander spacecraft will
be launched in December 1998 and January 1999 respectively, on separate Med-Lite launch
vehicles (Delta 7425 configuration) procured by NASA from McDonnell Douglas. A single system
development contract for both the lander and orbiter spacecrafts was executed with Lockheed
Martin Astronautics on November 9, 1995.

Science
The “Volatiles and Climate History” theme for the 1998 Mars Surveyor missions was recommended by the Mars Science Working Group and is aligned directly with NASA’s Mars exploration strategy for the next decade focusing on: Evidence of past or present life, Climate, and
Resources.
The 1998 orbiter mission will carry a rebuilt version of the Mars Observer Pressure Modulated Infrared Radiometer (PMIRR) with Dr. Daniel McCleese of JPL as Principal Investigator, and
the Mars Color Imaging (MARCI) system with Dr. Michael Malin, of Malin Space Science Systems
(MSSS) as Principal Investigator. PMIRR will observe the global distribution and time variation of
temperature, pressure, dust, water vapor, and condensates in the Martian atmosphere. MARCI
will observe synoptically Martian atmospheric processes at global scale and study details of the
interaction of the atmosphere with the surface at a variety of scales in both space and time. In
addition to the science payload, the orbiter spacecraft will provide an on-orbit data relay capability
for future U.S. and/or international surface stations.
The science complement for the 1998 lander includes: the Mars Volatile and Climate
Surveyor (MVACS) integrated lander payload with Dr. David Paige of UCLA as Principal Investigator, the Mars Descent Imager (MARDI) with Dr. Michael Malin of Malin Space Science Systems as
Principal Investigator, and an atmospheric lidar experiment provided by the Russian Space Agency
Institute for Space Science. Dr. Paige’s integrated lander payload includes a Surface Stereo
Imager (SSI) with Mars Pathfinder heritage; a meteorology package (MET); an instrumented robotic arm (RA) for sample acquisition, soil manipulation, and close up imaging of the surface and

subsurface; and the Thermal and Evolved Gas Analysis (TEGA) experiment for determining the
nature and abundance of volatile material in the Martian soil. The descent images obtained by
MARDI while the lander spacecraft descends to the surface will establish the geological and physical
context of the landing site. The atmospheric lidar experiment will determine the dust content of the
Martian atmosphere above the landing site.

Mission Design
Mission design for the 1998 Surveyor missions is complicated by the requirement to accomplish two launches within the narrow Mars transfer time period defined by celestial mechanics.
The orbiter and lander launch strategy and trajectory selection is based on the desire to maximize
the useful dry mass of the orbiter spacecraft in martian orbit and the lander spacecraft on the
martian surface. The resultant mission timeline is shown in Figure 1.
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Figure 1. 1998 Mars Surveyor Mission Timeline
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The orbiter spacecraft will launch from the Cape Canaveral Air Force Station (CCAFS)
Space Launch Complex 17 (SLC-17) during a 14 day launch period beginning on December 10,
1998. The Mars Orbit Insertion (MOI) propulsive maneuver will occur in September 1999 and will
place the orbiter into a highly elliptical, near polar orbit around Mars. Peripapse will be lowered to
approximately 110 km altitude to initiate the aerobraking maneuvers. Successive passes of the
orbiter through the upper atmosphere of Mars will slow the vehicle and lower the apoapse of the
orbit to 450 km over the course of the 2 month aerobraking phase. The orbit then will be circularized using the orbiter’s onboard propulsion resulting in the design 400 km altitude, near circular,
polar science mapping orbit. Science operation of the PMIRR and MARCI instruments will be
conducted over the course of the one Martian year (687 Earth day) mapping mission. The orbiter
will continue operations in a relay only mode following the science mission in support of any future
U.S. or international Mars surface missions.
The lander spacecraft also will launch from CCAFS SLC-17 during a 25 day launch period
beginning on January 3, 1999. The second pad at SLC-17 will be used for the lander launch to
enable the quick two week turnaround from the end of the orbiter launch period. The lander will
enter the Martian atmosphere directly from the hyperbolic transfer orbit at 7 km/s in December
1999. The lander spacecraft will decelerate to a soft landing using a heat shield to aerobrake, a
parachute, and actively guided propulsion to reduce vertical velocity to less than 2.4 m/s and
horizontal velocity to less than 1 m/s at surface touchdown. The lander will be targeted to the
northernmost boundary of the polar layered deposits at a high southern latitude site, between 75˚
and 80˚ south latitude. The surface science mission will be conducted over the course of a 3
month primary mission. The landing will occur during late spring in the southern hemisphere and
extend through the early summer season. The timing of the landing is optimal for a high southern
latitude site because the sun is always above the horizon during the course of the primary mission
providing maximum solar insolation and a relatively benign thermal environment.

Flight System Development
The 1998 Surveyor spacecraft, both lander and orbiter, are being procured from Lockheed
Martin Astronautics of Denver, Colorado, via a single system contract for both the lander and
orbiter flight systems. Lockheed Martin was selected for the Phase B definition study in March
1995 as the successful respondent to an industry-wide competitive solicitation for the 1998 Mars
Surveyor spacecraft. The Phase C/D contract for the orbiter and lander development was executed November 9, 1995. JPL manages the flight system development contract as part of the
management responsibilities associated with the implementation of the 1998 Mars Surveyor Lander
and Orbiter Project.
The mapping configuration of the orbiter spacecraft is shown in Figure 2. The orbiter is
3-axis stabilized in all mission phases following separation from the launch vehicle. Spacecraft
attitude is determined and maintained using a star camera derived from the Clementine spacecraft star camera and an inertial measurement unit. Reaction wheels provide primary attitude
control during most mission phases. The wheels are desaturated using reaction control system
(RCS) thrusters. The RCS provides primary attitude control during all trajectory correction
maneuvers, the Mars Orbit Insertion (MOI) maneuver, aerobraking drag passes through the
Martian atmosphere, and during all spacecraft safing events. The RAD6000 32 bit processor
developed for the Mars Pathfinder Project and embedded in the orbiter Command and Data
Handling (C&DH) subsystem provides a central processing capability for all spacecraft subsystems including the payload elements. Primary communications between the orbiter and the
Deep Space Network (DSN) are via an X-band link (up/down) using the deep space transponder developed for the Cassini spacecraft, a 15 Watt RF solid state amplifier, and a 1.3 meter
diameter articulated (2-axis) high gain antenna. A 2 axis articulated, gallium arsenide solar
array (7.4m2 cell area) provides power and serves as the most significant drag brake during
aerobraking passes (11m2 total wing area). NiH 16 amp-hour, common pressure vessel batter2
ies provide power during eclipses and for peak power
operations.
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Figure 2. 1998 Mars Surveyor Orbiter Mapping Configuration

The electrical power subsystem is derived primarily from the Small Spacecraft Technology Initiative (SSTI) spacecraft development. The thermal control subsystem is passive with louvers to
control the temperature of the batteries and the solid state power amplifiers. The propulsion
subsystem is dual mode, employing the Mars Global Surveyor (MGS) spacecraft Leros main engine in bipropellant mode for MOI, and RCS thrusters in monopropellant mode for all other propulsive maneuvers. The fuel is hydrazine and the oxidizer is nitrogen tetroxide. The orbiter structure
is comprised of two modules: a gusset plate construction propulsion module scaled down from the
MGS design and a truss construction equipment module both comprised of aluminum honeycomb
with composite face sheets. Most orbiter subsystem components are redundant with critical items
cross-strapped. The mass of the orbiter is estimated at 360 kg dry and 636 kg in the fully fueled
launch configuration.
The lander spacecraft consists of a cruise stage, an aeroshell, and the lander as shown
in the expanded view in Figure 3. The cruise configuration of the lander flight system is shown
in Figure 4 and the landed, operational configuration is shown in Figure 5.
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Figure 3. 1998 Mars Surveyor Lander Flight System Components
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Figure 5. 1998 Mars Surveyor Lander Surface Configuration
Landing on the Martian surface is accomplished in the following sequence: 1) the lander
approaches Mars along the proper entry corridor directly from the interplanetary transfer orbit; 2)
the lander is oriented in the proper entry attitude and the cruise stage is jettisoned minutes before
entry; 3) the lander enters the Martian atmosphere at 7 km/s and is protected from the aerodynamic heating by the aeroshell; 4) the parachute is deployed at Mach 2.3 approximately 8 km
above the Martian surface and the heat shield is released; 5) the descent engines are ignited 1.5
km above the Martian surface, the lander is released from the parachute and backshell, and the
lander descends to the surface under active guidance and propulsive control using doppler radar
measurements and inertial measurement data; 6) the lander conducts a gravity turn and a controlled descent to the surface until touchdown approximately 5 minutes after atmospheric entry. At
cruise stage deployment, two technology demonstration micropenetrators developed by NASA’s
New Millennium Program also are deployed. The micropenetrators enter the atmosphere and
impact the surface independent from the 1988 Surveyor lander.

The lander spacecraft is 3-axis stabilized during the cruise phase and during the entry,
descent, and landing event except while descending under the parachute. Lander unique hardware required to accomplish the landing include an aeroshell and parachute with Viking and Mars
Pathfinder heritage; and a modified, military 4 beam doppler radar to update trajectory estimates
during the terminal descent phase. RCS thrusters are used to maintain spacecraft attitude during
flight. The lander employs the same star camera, inertial measurement unit, transponder, solid
state power amplifier, RAD6000 processor, and power subsystem electronics as the orbiter. Primary communication between the lander spacecraft and earth during cruise are via an X-band link
through a fixed medium gain antenna mounted on the cruise stage. The primary downlink communications during the surface mission are via a relay link through either the Mars Global Surveyor orbiter or the 1998 Mars Surveyor orbiter. The relay links are backed up by a direct link to
Earth via an articulated (2 axis) medium gain antenna mounted on the lander deck. Commands
are transmitted direct from Earth to the lander via the medium gain antenna. Power is generated
using two gallium arsenide solar array wings (total area 3.1 m 2) mounted to the cruise stage during
cruise and via two gallium arsenide solar array wings (total area 2.9 m2) deployed from the lander
after touchdown on the Martian surface. NiH 16 amp-hour common pressure vessel batteries
2
provide power during low solar insolation periods
and during peak power operations. A loop heat
pipe is the primary method of lander thermal control and all temperature sensitive electronics are
isolated within an insulated thermal enclosure. The lander structure, like the orbiter, is aluminum
honeycomb with composite face sheets. The mass of the lander spacecraft at launch is estimated
at 618 kg fully fueled with a dry mass of 562 kg including the micropenetrators.
The basis of the Lockheed Martin proposal for the lander and orbiter spacecraft and the
key to developing the spacecraft within the funding profile described in the following section is
design commonality between the lander and orbiter spacecraft. Current estimates indicate that
approximately $25M savings will accrue to the Project through the aggressive pursuit of design
commonality which allows: a single design team for the lander and orbiter, common parts procurements, sharing of common spares, amortization of non-recurring engineering over two units, a
reduction in program management costs, and a reduction in documentation. For example, the
current lander and orbiter designs achieve 70% commonality in hardware components and 89%
commonality in software modules.
PROGRAMMATICS
The 1998 Mars Surveyor Lander and Orbiter Project funding is capped at $183.2M (real
year dollars) for all project management and spacecraft, instrument, and mission system development activities from the authority to proceed (November 1995) through lander launch plus 30 days
(February 1999). Launch vehicle costs and the cost of flight operations starting at lander launch
plus 30 days are not included in the $183.2M development funding total. Allocation of the total
Project funding to the various Project systems at the start of the final year of development is as
follows (in real year $M):
Project Management/Engineering
Flight System Development
Science Instrument Development
Mission Operations Development
Launch Vehicle Upgrade
Educational Outreach
Project Contingency
Total

$ 6.2
121.1
35.3
6.0
.6
0.5
13.5
$183.2

Major milestones during development are as follows:
Authority to Proceed
Preliminary Design Review
Critical Design Review
Orbiter Integration & Test
Lander Integration & Test

11/06/95
03/04/96
01/21/97
05/06/97
07/28/97

Orbiter Instrument Delivery

08/11/97

Lander Instrument Delivery
Orbiter Shipment to Cape
Lander Shipment to Cape
Orbiter Launch
Lander Launch

01/20/98
09/03/98
10/16/98
12/10/98
01/03/99

The orbiter flight system integration and test schedules contain 122 and 58 work days of
system level slack prior to their respective shipment to the launch site. Twenty additional days of
schedule slack are carried against launch preparations for each spacecraft at Cape Canaveral.
The management approach implemented by the 1998 Mars Surveyor Project is characterized by:
• A small Project Office (approximately 10 full-time equivalents) to provide key technical
and programmatic expertise and timely decision making without imposing an undue
financial burden;
• Minimal management layers within the Project to promote efficient decision making and
planning;
• Integrated business and contract management support provided by the Project Office to
maximize the time spent by the technical staff working technical issues rather than programmatic issues;
• Management of contractor activities through participation in the design and implementation process rather than “hands off” oversight of the process;
• Use of contractor methods (particularly in the mission assurance, documentation, and
reporting areas); and
• A disciplined approach to risk and opportunity management.
The objective of the 1998 Mars Surveyor Project management approach, and the toplevel principles itemized above, is to provide streamlined management to support and expedite
project planning and decision making as necessary to implement the 1998 lander and orbiter
missions within the Project cost, schedule, and technical constraints.
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